Research was conducted to clarify the variations in volatile compounds among different parts of the coriander plant with respect to its growth stages. At the seedling stage, the composition of volatile compounds in the leaves was quite similar to that in the stems, based on their pattern of gas chromatographic profiles (PGC). However, the PGC between leaves/stems changed as the plants grew and matured. Furthermore, a significant difference in the composition of volatile components developed between leaves and stems at the mature stage so that the PGC between them as well as with fruits diverged. The major volatile compounds of the stems/leaves were decanal, (E)-2-decenal, (E)-2-undecenal and 2-dodecenal, and (E)-2-tetradecenal, which have an oily, sweet or grassy odor. These five volatile compounds are barely detectable in fruits. The major volatile compound of the fruits was linalool, which has a sweet fresh scent, much like the flowers, whereas α-pinene, γ-terpinene, D-camphor and geraniol were hardly recognizable in stems and leaves. Coriander seedling has a grassy scent peculiar to the species that makes it a highly desirable culinary herb. This fresh green odor of heptanal, (E)-2-hexenal and octanal decreased in the leaves and stems with maturation.
Introduction
Coriander (Coriandrum sativum L.) is a herbaceous annual plant of the cicely family. The leaves, sometimes called "cilantro", possess a unique aroma and are widely used in Southeast Asia as flavoring to foods or to mask unpleasant odors of certain foods. The fruit that is normally used as a spice for seasoning has an aroma quite different from that of the leaf. In recent times, coriander has been studied under various growing conditions to determine which yields the optimal fruit spice. To that extent, the oil composition has been analysis (Gil et al., 2001; Smallfield et al., 2001) . The aromatic components and the volatile compounds of the spice oil have also been reported as having bactericidal effect against microorganisms such as Salmonella choleraesuis (Kubo et al., 2004) . Although coriander is an important food material as an herb, limited investigations into its changes of odor according to growth period and differences among its organs, have been conducted (Potter, 1996) .
In our study, the variations among and kinds of volatile compounds with respect to different growing stages and plant parts were established by comparing the patterns of gas chromatographic profiles (PGC).
Materials and Methods
Coriander was cultured in a greenhouse at Hiroshima Prefectural University from 10 March through 10 July kept between 18°C and 28°C by a heating system (Nepon KA-201, Nepon Ltd. Hofu, Japan). A preplant broadcast application of 1.5 N-1.0 P-1.0 K (kg/10 a) was made and stems and leaves sampled at the seedling and mature stages (40 and 80 days after sowing). Fruit samples were collected 120 days after sowing. Immediately after sampling the different organs, the samples were frozen with liquid nitrogen, crushed and stored at −80°C until the time analyzes for volatile compounds. Samples equivalent to 3.0 g FW of each specimen were extracted and the components separated by using the Porapak Q method according to Maneerat et al., (2002) and by using a Shimadzu GC-17A, equipped with a flame ionization detector (Shimadzu Co., Ltd., Kyoto, Japan). The compounds were separated on a 60 m × 0.25 mm (i.d.) fused silica capillary column with 0.25 µm film bonded polar DB-WAX (J&W Scientific, CA, USA), after which the volatile compounds were identified with a GC-MS and retention index. The PGC of the samples were calculated by the method of Tamura et al. (1969) , and evaluated. Each GC reading (numerical group patterns n composed of the area value of GC Chromatogram of the volatile component) is considered to be a positional/ directional vector in n dimensional space, and the cosine of the corner (θ) that two vectors form determines the evaluation of similarity between the two different compositions. That is, the pattern similarity S (A, B) among numerical group patterns A (a 1 , a 2 , a 3 , … a n ) and B (b 1 , b 2 , b 3 , … b n ), consisting of the composition ratios of the volatile ingredients in two different samples, are given by the following equation:
Results and Discussion
Coriander is used as an herb as well as a food source in Southeast Asia and China, because its odor is an important contributor to food quality. The PGCs of volatile-compound compositions of coriander differed between growing stages and among plant parts (Table  1 ). The compositions of the volatile compounds in the leaves and the stems at the seedling stage were very similar, with a PGC ranked as high as 0.882, whereas y The compounds were identified by comparing their mass spectra with mass spectral databases and by comparing their retention indices.
x Values are GC peak area of compound/GC peak area of internal standard. w Not identified.
those of leaves and stems at the mature stage were significantly different, with a PGC as low as 0.095. These profiles of leaves and stems at their seedling and mature stages were relatively low, at 0.422 and 0.503 respectively; they indicate that the aroma of the leaves/ stems changes according to plant maturity. The PGCs between the fruits and leaves/stems at both seedling and mature stages were miniscule, ranging from 0.001 to 0.006. The major volatile compounds contained in the leaves/ stems of coriander (Table 2) are: decanal, (E)-2-decenal, (E)-2-undecenal, 2-dodecenal and (E)-2-tetradecenal. These five compounds, have an oily, grassy or Kamemushi (Halyomorpha picus) odor, were hardly detectable in the fruit. Seeds that contain the major volatile compounds, such as α-pinene and γ-terpinene, were not detected in the leaves/stems during the seedling and mature stage. Potter and Fagerson (1990) also detected these five compounds; we additionally detected heptanal, (E)-2-hexenal and octanal, which have a fresh green odor and low-boiling-point volatile compounds. Three volatile components, nonane, octanal, and octanoic acid methyl ester, were lacking in seedling leaves, but 1-decenal was present in minute quantities in mature leaves and stems. Thus, quantitative differences in the volatile components of leaves and stems at different phases of the growing period are the important factor that contributes to the low PGCs.
The main volatile compounds in the seeds were: linalool, α-pinene, γ-terpinene, D-camphor, and geraniol. These five compounds were hardly detectable in leaves/ stems, which indicates that the low PGCs between fruits and other parts derived from the vast differences in the volatile compounds.
In this study leaves and stems at the seedling stage were confirmed to be utilizable as the seasoning because they possess similar odors as noted by their high PGCs. The young vegetative organs in the seedling stages not only have the grassy odor, peculiar to coriander, but also a fresh green odor highly suitable for seasoning. (E)-2-decenal and decanal, which are the aromatic compounds of young coriander leaves/stems, decrease as plants mature. Lawrence (1986) also demonstrated that the fresh green odor of leaves/stems tended to decrease concomitant with the growth. Therefore, the quality of the leaves/stems at the mature stage is thought to be lower; as indicated by the lower PGC values. These result demonstrate that the growth stage of coriander is an important factor in the quality of its volatile components.
